In the samples of fresh dehydrated sewage sludges from municipal treatment plants in Grajewo, Bielsk Podlaski, Sokółka, Dąbrowa Białostocka, Knyszyn, Mońki, Augustów, Suwałki, Sejny and Suchowola the following determinations were made: pH, pseudo-total content of Zn, Ni and Cu, organic matter and dry mass. The contents of the above-mentioned elements in fractions were evaluated using modified BCR method (four fractions: F1-acid soluble and exchangeable, F2-reducible, F3-oxidizable, 
INTRODUCTION
The municipal sewage sludges, whose amount is constantly increasing, are appreciable source of organic matter and nutrients [Bień, Wystalska 2008] , thus they can be useful for improving soil fertility. The presence of organic and inorganic contaminants in sewage sludge may, however, constitutes a danger to the environment. Heavy metal content is one of the major factors limiting the application of sewage sludge to agricultural lands. Their presence at high concentrations may be toxic to both plants and animals, including humans [Bozkurt et al. 2010] .
Zinc and copper belong to a group of essential elements for plants, while nickel only for some plant species. Zinc uptake is often excessive (it is usually directly proportional to the concentration in the soil) what causes its toxicity [Łukowski 2006] . The disccused element is relatively little toxic for a human organism. The excess of Zn can cause poisoning, cancer and anemia, due to decrease of digestive tolerance of iron, phosphorus, copper and calcium [Dutkiewicz 1974 ]. Excessive amounts of copper in plant inhibit growth and impairs important cellular processes (e.g. photosynthetic electron transport) [Łukowski, Wiater 2009 ]. The excess of Cu in human body causes anemia, liver, capillary bed and kidney damage, diarrhea, pain, intestines shrink, circulatory and reproductive system disturbances, as well as growth disorders. Absorption of copper compounds by respiratory tract causes nasal congestion and gastritis [Michna et al. 1998 ]. Nickel is toxic for plants at high concentrations. It inhibits a large number of plant enzymes, such as those of nitrogen metabolism and sulphate assimilation [Łukowski, Wiater 2009] . The excess of nickel in human organism is accumulating in lymph nodes. It causes changes in bone marrow, chromosomes and nucleic acids stucture as well as eczema and cancer diseases [Dutkiewicz 1974 ].
The mobility of heavy metals, their bioavailability and related eco-toxicity to plants, depend strongly on their specific chemical forms or ways of binding. These are the parameters that have to be determined, rather than the total element contents, in order to assess toxic effects and to study geochemical pathways [Fuentes et al. 2004 
EXPERIMENTAL PROCEDURES
The study was based on fresh dehydrated sewage sludges collected in municipal treatment plants from Grajewo, Bielsk Podlaski, Sokółka, Dąbrowa Białostocka, Knyszyn, Mońki, Augustów, Suwałki, Sejny and Suchowola. The sludges were hygenized (mainly with burnt lime), except these from Sokółka, Augustów and Suchowola. Fractionation was made in average samples (three individual samples, dried at room temperature, were mixed and homogenized). In collected samples the following determinations were made: pH potentiometrically, dry mass by drying at 105 ºC, organic matter by heating in oven at 600 ºC until a constant weight was achieved, pseudo-total content of Zn, Ni and Cu was determined (after previous digestion in HNO 3 
RESULTS AND DISCUSSION
The studied sludges were characterized by alkaline reaction, what is favorable to immobilization of metals (Table 1) . However, selected metals (Zn and Cu for example) tend to increase solubility also at alkaline reaction, what is connected with the ability to form anion complexes and bonds of metal ions with ammonium compounds or low molecule organic matter. The solubility of metal compounds in environment depends mostly on the reaction [Wilk, Gworek 2009] .
The content of dry mass ranged from 6.6 to 43.5 %. The highest amounts of dry matter have contained mainly the lime-treated sludges.
The content of organic matter in the studied sludges ranged from 15.4 to 73.9 % DM. As stated by Mazur [1995] , the content of organic matter in sewage sludge is in the range of 17 to 87% (60% on average). It has the ability to form stabile complexes, which can significantly decrease metal mobility.
The pseudo-total amounts of the studied elements (Table 2) were below values intended for agricultural use of sludge. The content of zinc, nickel and copper in all samples was lower than the average (1350, 30 and 147 mg·kg -1 DM, respectively) reported by Maćkowiak [2000] , except for sludge from Sejny in the case of Cu.
Zinc
The highest amount of zinc (60.8% on average) was bound to oxidizable fraction and ranged from 45.9 to 80.1% (Table 3) . Different results were noted by Fuentes et al. [Fuentes et al. 2004] investigating unstabilised sewage sludge from treatment plant located in the Region of Murcia (Spain) with BCR method. The authors stated in discussed fraction 38.0% of Zn as compared to the total content, the most among all the fractions. According to Wang et al. [Wang et al. 2008 ], organic matter of sewage sludge bound only approximately 1% of zinc.
Most soluble and thus bioavailable zinc (fraction F1) constituted only 3.9% of pseudo-total content. Metals corresponding to the exchangeable fraction usually represent a small portion of total metal content in sewage sludges [Filgueiras et al. 2002] . The low content of zinc in water-soluble and exchangeable fraction (l.0% of total content on average) have also stated Jakubus and Czekała Residual fraction bound 19.9% of pseudototal Zn content on average. Different result is presented by Gawdzik and Gawdzik [2012] . The authors studied the sludge from treatment plant in Cedzyna using BCR method. They have observed 50% of total zinc in this fraction. Even higher amount of zinc (approx. 80%) in residual fraction stated Wang et al. [2008] .
Zinc content in mobile pool (F1+F2+F3) of studied sludges was similar. The most of zinc (93.3% of pseudo-total content) in mobile pool was noted in sludge coming from plant in Knyszyn. It was caused by high content of organic matter and simultaneously slight amount of minerals, which comprise residual fraction. The same factors decided about the lowest Zn content in mobile pool of sludge from Sejny. It contained the lowest amount of organic matter among all the sludges and the highest Zn percentage (33.5%) in residual fraction at the same time.
Nickel
Fraction F3 bound the highest amount of nickel (48.6% on average) and its content ranged from 28.0 to 59.8%, as compared to pseudo-total content (Table 4) . Kazi et al. [2005] investigating fractional composition of heavy metals in sewage sludge coming from treatment plant in Hyderabad City (Pakistan) have stated similar content (41%) of Ni in discussed fraction using BCR method. The above-cited Gawdzik and Gawdzik [2012] have stated lower content (approx. 38%) of Ni in discussed fraction.
The lowest amount of studied element (5.6% on average) was observed in fraction F1. The higher content of nickel in exchangeable fraction (16 Residual fraction of sludges bound 25.1% of pseudo-total nickel content on average. The above-cited Fuentes et al. [2004] were noted in disccused fraction 20.4% of total Ni. Shrivastava and Banerjee [2004] reported the highest Ni content (61.4% of total-content) in residual fraction among other fractions. These authors studied the sludge from treatment plant in Delhi (India) using modified Tessier method.
Mobile pool of nickel was the largest (89.6%) in sludge from plant in Grajewo. In the most of sludges the global content in three fractions was similar. The amount of metal in this pool was influenced by content of minerals. It was proved by the Ni percentage in residual fraction, which was the highest in sludges with the lowest mobile pool.
Copper
The highest percentage of copper (66.3% on average) was observed in residual fraction and ranged from 52.1 to 97.2% of pseudo-total content (Table 5) . Very similar result (61%) is presented by the above-cited Shrivastava and Banerjee [2004] . According to García-Delgado et al. [2007] in residual fraction of sludge from 5 to 60% of total Cu content can be found. Fraction F2 gathered the least of Cu (3% on average) among all fractions. Rosazlin et al. [2007] observed in discussed fraction the higher amount of copper -approx. 6%, while Pérez-Cid et al.
[1999] only 1.2% of total content. Fraction F3 comprised 35.3% of pseudo-total content on average. García-Delgado et al. [2007] stated in studied sludges from 5 to 25% of total copper content. Rosazlin et al. [2007] reported that Cu in sewage sludge occurs predominantly in the organic form. They stated 57% of copper in the discussed fraction what is consistent with its known affinity for organic matter ligands. The amount of metal forming complexes of varying stability with organic matter is dependent on its content and quality.
Fraction F1 gathered 4.2% of copper, as compared to pseudo-total content. This result confirms that only small amount of Cu occurs in soluble and exchangeable form [Fuentes et al. 2004 , Wang et al. 2008 , García-Delgado et al. 2007 ]. By contrast, Pueyo et al. [2003] investigating heavy metal mobility in sewage sludge by BCR method, obtained 65.5% of Cu in the discussed fraction, as compared to pseudo-total content.
The largest pool of mobile copper (53.2%) was found in sludge from treatment plant in Mońki. It was caused by the low content of minerals, what was confirmed by the amount of Cu (52.1%) in fraction F4 (the lowest among all sewage sludges) and simultaneously appreciable content of high molecular weight organic matter, which bind metals most strongly (fraction F3 bounded the largest Cu amount despite not the highest organic matter content in this sludge). The least of mobile copper (28.9%) was found in sludge from Bielsk Podlaski. It was connected to a high content of minerals (75.2% of Cu in fraction F4) and 
